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 T he USA is pursuing an array of renewable energy sources to reduce reliance on imported fossil fuels and to reduce greenhouse gas emissions. Biomass 
energy and biomass ethanol are key components in this 
pursuit. Vast amounts of biomass feedstock will be needed 
to produce suffi  cient ethanol to meet any of the numerous 
target production goals. Th e Billion Ton Vision suggests 
one billion tons of biomass is needed annually to meet the 
‘30x30’ goal (to replace 30% of 2004 levels of fossil trans-
portation fuel use with ethanol by the year 2030). Great 
advances in technology will be required to produce this 
enormous quantity of biomass sustainably. Th ese advances 
will not come about through ill-coordinated, competitive 
eff orts. On the contrary, the problem of sustainably meeting 
the biofuel feedstock demand while continuing to meet 
traditional demands for agricultural output is so great that 
we need to focus all our energies on establishing comple-
mentary public energy policy based on facts and candid 
analysis; on craft ing cooperative, coordinated energy goals 
across agencies; and on creating enthusiastic, dedicated 
teams of researchers and educators to develop and deploy 
existing and new technologies.
Getting the message
Several months ago a message arrived from colleagues 
describing their eff orts and successes in developing alfalfa 
(Medicago sativa L.) as a biomass energy feedstock. Th e 
information got my defensive juices fl owing. At that time 
I had been working for several years to persuade the biomass 
ethanol industry to consider the critical importance of soil 
quality and long-term crop-production capability when 
developing a roadmap for our bio-energy future. My posi-
tion was, and continues to be, that we must acknowledge 
and plan for the use of crop biomass as an essential soil-
management input. Crop residue is the major source of 
carbon entering the soil-carbon cycle. It is transformed into 
soil organic carbon (SOC) by the action of soil microbes. In 
turn, SOC is central to many of the functions and proper-
ties characteristic of productive soils.1 Th e amount of crop 
residue required to maintain SOC can be substantial.2 In a 
corn (Zea mays L.)-soybean [Glycine max (L.) Merr.] rota-
tion with aggressive tillage (moldboard plow), the corn 
stover input needed to sustain SOC has been estimated to 
be 12.5 Mg ha-1 (5.6 ton ac-1).3 In addition, crop biomass is 
an essential component in the battle against soil erosion.4 
Th ese demands for crop biomass must be satisfi ed before we 
attempt to collect crop residues and remove biomass from 
the land as a feedstock for transportation fuel production, if 
production is to be sustained. My focus was on use of crop 
residues, especially corn stover.
My defensive thoughts centered on the desire for ‘my’ 
biomass, corn stover, to be the epicenter of the renewable 
fuel earthquake; the feedstock that would eventually solve 
the current fossil fuel-greenhouse gas problem – and, dare I 
admit it, make my reputation. How could someone suggest 
they had a source of biomass, other than crop residues, that 
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may off er a better means of producing feedstock for the 
biomass ethanol industry?
I recognize these thoughts, while not illogical from a selfi sh 
point of view, were completely inappropriate. Considering 
my previous presentations and writings5 – including recent 
admonitory6 assessment of the Billion Ton Vision7 – some 
might assume that I would prefer no crop residues be 
collected as feedstock. However, my real intention was, and 
remains, to create a biomass ethanol industry that is based on 
sustainable production and harvest of feedstock.
Aft er reading the message I was upset enough to compose 
a message of my own – but I did not know to whom it should 
be addressed. So I just composed, edited – and thought. 
In the end I came to realize that I was the person who 
most needed to receive my message. Th e remainder of this 
commentary is based on that initial thinking and writing, 
modifi ed by about a year of broadened appraisal.
The time for competition has passed
In 2006 and 2007, President Bush specifi cally mentioned 
(corn) stalks and the need to make increased use of biomass 
as one of several solutions to the USA’s energy dilemma.8,9 
Th ese statements placed greater focus on the role of agricul-
ture in energy production than at any time since World War 
II, perhaps than at any time in the past.10 Today, everyone is 
looking for ways to position themselves to reap benefi t from 
the current enthusiasm for renewable fuels, bioenergy, and 
biomass ethanol. 
As stated by Fales et al., in a recent CAST Commentary,11 
several biomass ethanol production goals with varying 
targets and timeframes have been publicized. Th ese range 
from the ‘20 in 10’ plan established by the President’s 
Advanced Energy Initiative, which aims to replace 20% of 
our gasoline consumption with renewable fuels in 10 years,8 
to the ‘30x30’ target, which is to replace 30% of the US motor 
fuel consumption with renewable fuels by 2030.12 Although 
the horizons and goals diff er, they all align forming a series 
of consecutive goals on a similar trajectory. All of these fuel 
or energy production goals can be translated into a feedstock 
demand determined by the conversion rate between biomass 
and ethanol. Although conversion technology is advancing 
rapidly, 334 L ethanol Mg-1 dry biomass (80 gal ton-1) is a 
broadly accepted value at this time,13 20–30% of US motor 
fuel use [530 billion L year-1 (140 billion gal year-1)] is 106 
to 159 billion L (28 to 42 billion gal) of fuel. Correcting for 
energy content diff erences between gasoline and ethanol, 
this is a feedstock demand of 450–680 million Mg (500–750 
million tons) annually11.
Obviously the agricultural and forest industries have a 
mammoth task before them if we are to generate this huge 
amount of biomass in addition to meeting current demand. 
Th e Billion Ton Vision7 has established expectations on the 
part of the biomass industry, the public, and Congress that 
we will be able to sustainably produce 30% of the nation’s 
vehicle fuel from biomass by 2030, and even the misplaced 
belief that we already have the technology to do so. In fact, 
we must make great advancements in technology to supply 
the needed biomass on an annual basis, particularly if we are 
to do so sustainably.14 Th ese required advances will be in all 
aspects of bioenergy – biomass production, feedstock storage 
and transport effi  ciency, conversion technology, distribution 
capacity, effi  ciency in energy use, and conservation.11 
We will also need to expand our ideas about what biomass 
is considered feedstock. Bluntly, all forms of biomass (crop 
residue, dedicated energy crops from both agricultural 
and forest, municipal, industrial, and demolition wastes, 
etc.) will be essential to produce the amount of feedstock 
suggested in the Billion Ton Vision,7 but the major source 
will be agriculture. Th e Vision7 estimates that agriculture has 
the potential to contribute 0.907 billion Mg (1 billions tons) 
of biomass annually for ethanol production. Th e report goes 
on to state that this massive production and collection of dry 
matter can be done sustainably, without negative impacts 
on air, water, or soil resources and without hampering the 
ability of agriculture to provide traditional outputs of food 
and feed.
And there I was getting defensive about colleagues 
suggesting that other biomass had advantages over corn 
stover. Th e most astounding point in this examination of my 
reaction is that I felt threatened by other feedstocks being 
suggested as contributors to satisfying this truly enormous 
demand for biomass – that I saw them as competitors. 
Achieving any of the renewable energy goals will require all 
types of currently produced biomass and more. Th e pressing 
question is, ‘Can we create the technology to produce the 
needed feedstock in a sustainable manner?’ not ‘Will my 
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 feedstock be the most important?’ Th e time for competition has passed. Challenges abound. No single biomass, no single 
technology holds the key to achieving our renewable energy 
goals. Biomasses and technologies must be cumulative and 
synergistic to achieve success. Th e time for cooperation and 
mutual support is upon us.
The way forward
As a research community, we need to establish and share 
goals and develop enthusiastic, committed teams dedi-
cated to creating the best technology and fi nding the best 
solutions to energy problems. As policy-makers, we need 
to establish unifi ed and complementary, congruent goals 
within and across agencies and political jurisdictions. As 
investors, we need to explore and fi nance alternatives, 
but we must be realistic and discerning as we investigate 
ventures to support – not following the latest hype, but 
making honest evaluations of risk and potential before 
investing. As citizens, we must demand public policy based 
on facts and appropriate analysis and energy policy based on 
science, economic reality, and conservation in addition to 
advances in production technology.
Th e Council for Agricultural Science and Technology 
(CAST)11 has listed a number of advances in technology, 
and supporting policy, needed to move the biofuels industry 
toward the established goals.8,9,12 Th ey specifi cally point 
to the importance of coordinating the expansion of the 
supply of feedstock with the demand for that feedstock by 
the conversion facilities. To sustainably expand supply, new 
species, new cultivars of these species and new management 
practices for the existing and new species will be required. 
In all of these cases, it will be important to improve radia-
tion-use effi  ciency. Th irty years ago Monteith15 provided 
prophetic discussion of changes in radiation-use effi  ciency 
with change in species, climate, or management practices, 
off ering estimates of theoretical maximum production 
levels for several crops. Th ese approximations are 100 times 
current production levels. Many factors contribute to the gap 
between theoretical and current production levels, and each 
of these factors represents an opportunity for a technological 
advance that may expand biomass production from existing 
land and input resources. Long et al.,16 present a detailed, 
thought-provoking discussion of the potential to increase 
crop (grain) yield, building on Monteith’s comments on 
radiation use effi  ciency. Th ough the comments by both 
Monteith15 and Long et al.,16 focus on crop grain yield, most 
apply to biomass yield as well. 
Some of the technologies that could be used to expand 
biomass production already exist. For example, the need for 
crop residue to control erosion and maintain soil carbon 
limits biomass available for biofuel production.2 Adding 
a winter cover crop to a summer annual cropping system 
would add ground cover, in the form of the cover crop 
canopy, and would reduce erosion. In addition, the winter 
crop canopy would increase interception, capture, and use of 
solar radiation during that part of the year when no crop is 
normally grown on the land and, in turn, increase biomass 
production – reduced carbon that could be returned to 
the soil or used as livestock feed. Several other technolo-
gies exist or will be perfected in the near future, including 
the optimization of planting patterns, planting dates, crop 
rotations and crop sequences and improved methods for 
water15 and nutrient application17 that minimize or eliminate 
crop stress. Meanwhile, genetic manipulation and breeding 
technologies will need to be used to produce cultivars that 
are optimized for the capture of radiation, water and nutri-
ents and for metabolic and physiological effi  ciency. For 
example, enhanced metabolic effi  ciency or eliminated inef-
fi ciency (photorespiration) may be achieved by introducing 
C4 metabolism into existing C3 crops.16 Even outlandish 
notions such as adding pigments that absorb green light to 
the photosynthetic apparatus, adding to the range of radiant 
energy that can be captured and used to produce biomass, 
should be explored.
A change in attitude
In the previous paragraphs several key ideas have been 
highlighted: teamwork, enthusiasm, and dedication. Th e 
entire bioenergy eff ort needs a greater feeling of team, a 
greater sense of common goal, a commitment to achieving 
team objectives by generating enthusiasm for the work and a 
culture of support for all eff orts contributing to the common 
goal. Th e time of feeling defensive, of wasteful competition, 
and of waiting for new and larger discoveries of fossil fuels 
has passed. As a nation, as a global community, we must 
accept the challenges presented by the growing demand 
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for renewable energy and the need to reduce greenhouse 
gas production. We have the opportunity to channel the 
euphoria surrounding renewable energy into monumental 
advances in technology and conservation, enabling real 
progress in moving away from an economy based on fossil 
fuels toward one based on bio- or renewable energy. 
I have changed my attitude. I hope we all have. I am no 
longer defensive in discussing the array of potential feed-
stocks. I have moved from discussions tilted by thoughts of 
whose feedstock is best to how we can sustainably produce 
enough feedstock to meet the massive projected demand, 
regardless of source.
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